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PHACOEMULSIFICATION NEEDLE 
HELP fty THE INVEWTIQTy 
Tho pieamt mvmtiim zeliites to a pfiacoeondsificBtion needle. 
^ BACKGROTlNn Qg THIE mv«T^r.li^ 

The ctyHtalliiio lens of the humsa eyt iaammta and fbcusos U^ht and ia located 
bdund the iris attached to the w»dl of to e3» by Wttp^^ 
zonules. Tlie lens oomists of iiinore rigid centfalnmacusi^ 
oorticBl material, which has a softer conmBtetwy. A fine menifanuie Imown as the 
10 Gq»uleGon|ah» the entire lens. 

Cataract ftm»wti<m i»fiTO to a loss of tiwK^^ 

andisaoommonoccuwttweMfifliaBff. TWa iwite Iii a piogressive lediwtian in 
vision, which can be restored with SOTgery. 

Modem catamot smgciy involves nmoval of the cataaohnis lem and huertiaii of a 
13 plastic intrawidia- Jena to iqflace the oysi^^ Modem cataract surfiwy uses 
idtiasnnic enaiBy to fl»gment and ai^iiiaie ^ 
«l* Itiiacocmulsification. 

Uurfng ft phacocomlsification prooedme a cental opening is made in the anterior 
portion of tiK capMte to allow access to die lenticular material by the 
» I^acwwwlsificatioa needle, wW^ 
plastic sleevo sumniBding I3ie needle 

the to replace fluid aapimtedfiom die «^ in removiiiB^ Once 
thehazdermH^ material has been«a»ov«d wifli the assistance of ttltiasonic enefsy 
the lofld: cortical material oanbeespitaied with an inigptian/asptnition caminh. 
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In both phases of ihe procedure it is important that the anterior diamber la msuitmned 
at a positive pressure and ccMiBtantvcrtuiBe to pfwewooUapsefl^ CoUapseof 
fixe antoior ciuunber can result m trauma to sensitive ocular tissues. Contact with the 
endothelial oetts liniqg the posterior surface of the cornea or the iris can result in 
5 aicpaniblc damage. Even more CQnunoa is Jnadverietit contact or aspinrtion of the 
posteriof ci^e^ wUdi oaa result in rupture of this fine tnemhnine. The posterior 
capsule prevwts the escape itflhc fhiid contained in tite posterior ci^^ 
known to the vitteous humoiiir. Rupture of the postoior capsule and loss of the 

vitTBow incfeases the ride of retfaiBl detachment and cyslttid macular ofldema after 
10 cahttact surgery with salwequeo* loss of vision. Fuflhamiore if the posterior «qwu!e 
is disnipted during auig«y it may not he feasible i» place an iiiini^^ 
prefaBrf position h»fiiec^arb«wMmnaut of the odBfawaiatt This too can have 
a less fimnuiible outcome than is antidpated in uncomplicated suigeiy. It is dcarty 
evident, therefore, how bnportaot the maintenance of a stsdile pressure mid vohmie in 
15 tteanteriordhambarisdBemedwhBnpBrfbnnfagiflwcoeiniilsi^ 

Atypical apparatus used in catarect surgiay consists of a console comainuig a pump 
system used to generate vaouum and flow as well as the eleotrioal circuitry d»t 
provides energy and control fbt the phacoemidsificatioii handpiece. A conventiona] 
phacoemnlsificatioB needle ddivera idtraaonic caergy by ft holh>w boie needle wfaieh 
is attadied to a ptttBodecHic cxystal or magnetostrictive transducer wlthiti (he 
handpiece whlcb genecates Ifae vltrasooio vibrations. Itansduoera that preduce sonic 
fi««Fiencies have also been utililized to reduce heat generated by uHiasonio vibrations 
but this mechanism is not as ofibcdve as ultzasonio energiy. 
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The lunusn of the phacoemulsification needle is attached to the aapimon line via the 
iaadpiBce so &at nuclear material can be Bspinited dmutg lanoval of the cataractous 
lens. Theneedlefssutionndedbyanoute^sleevethatisiisuaUyniw 
flexibleorrigidplaBticmateiial. The lumen of fte sleeve is oonneoted to the in&aon 
5 line so liurt fluid continuously flows around the phaco needle to rqjlaco fluid as^^ 
talhe eye tbiough the hmwnofthe needle during the procedure. The ingiess of 
fluid thcDU^ fhe sleeve also serves to cool die needle and piwent ihennal damage 
induced by fhe vibtatittg needle during the applieatioa of idinsonic energy, a 
pbacoemuhrificatifln needle invented by the sutfaor (WO i>6/07377) desoibes 
to l<meiti»dinalgri»vc8inthewaUirfd»ei«edIoto^ 

anwnd the needle even when the outer pliistic deeve is tighay comprmsed by a snaU 
seded hudaicm in ti» oiiter waB of the eye. 

-nie pump systems are connected to the phacoemulsificalioa handpiece and inigatlon 
and aspiration caonuU by uibing ao that fluid and teas matetial can be aapitated fiom 
15 fliet^e. 

Thew MB tiro basic type* of pump systems that adiieve B^p^^ 

iwaterial dnriog phaooemuWa^on and cortical ajpiration. The first are positive 

fluid dii,,lnccnKirtpunn» such as a peristaltic pum^ fhia system fluid flow te 

generated in tubing and aigwfieatit vwjuum ia addeved wb» 
20 J^ft«oft«:«»y«e«t3^«rfbysven^ 

thefiifl»se«uentflowandai«riiationoffluidfiomthecyci^ 

In both systems the sequence of removal of nuclear and ooriioal material Is similar. 

Fluid flow is g«Kff«i«d hi the a«5>ir8lion tidA« and fluid is a«^^ 

chamber Via flw phaeoemtrisifieatioa needte or itagation/aspication eamiuhi; This 
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attracts nudear or cortical matetiid to tbe needle w caamilaami ocdnsiottof the dp or 
a^iiralicinportoccitts. There is than a build iip of vaaimn iii the hfliing 
negative ptenwe generated imd the bieak up of the lenticular material by the 
application of uttrasonic energy avecoaau» the resistance of the lenticular nuterial, 
S which btbm aspirated down the tubing. 

Qptimat fluid dyoamics implies aiaintaiiiing u stable pieamne and vohmie in ttie 
anterior cihmber when perfinningpb^^ Aapfaation of fluid fiom the 

anterior diamber must be balanced by adequate Jnfbsion and the desired state of fluid 
balance can thetefiae be summarized in one oqpuiGoa . Ff=Fo - Inflow (FO should 
10 equ«U Outflow (Fo). To avoid chamber ceUapaefliepMaau^ 

(P«> must also be greater than the atmoapherie jmurt (P^ and gR»ier ifaan the 
vitreous piessane <P,) - P«>P^P,. The pressure in flte anterior chamber dejMnds on 
IhciBfuskm iKMsure which is the differ 
«toed to the irrigation botUe height, and the drop in pressure ^ 
15 inflow of inigatioa fluid (P4)-P.=ft-PO. The anteriw 

maintained at a oonatant level to avoid sltemtions in diamber volume wUdi numirest 
as an unstable dumber during surgeiy. It can be seen that variables that can be 
manipulated to impnyve diannbar st8l»lity are the botflc betgbt and flie ctbsa sectional 
«w» amflaUe fi>r Qa infiisiaa of fluid. Lietessing Uie boifle Ite^ tn^ves (he 
20 Msatioapraro head but can only pwrtianyoompenaatefere^ 
t*Mdi occurs at the indsiim site. Ensuring that excessive outfit 
the eye is replaced by sdequate infusion is therefore, vital in maintaining stable 
pressure and volume within the emterior chamber. 
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Pr<wious inventions by the author tvfaich assise 4 fswgfioa ia acfaievuig tins stafajfity 
rndttde novd pliaeoeniulaification needlca (WO !MW)7377) and itrigation cannulas 
<WO mnmy to mcaease the inftdonol inflow as wdl as flow ad^^tiva tiibing 
(WO 2603/IO374Q to n^to &B asphmion to ensure there is a balance between 
5 aspiration and infusion during a phaooonnlsification pnicedute. 

the coaxial system oonaisting of a centm! hoHow pliaooemulsifieation needle to. 

ddiver nitrasonie eneogy and aspirate mdear material with a sunounding plastic 

aleew to deliver inftoion is very eefective. A limitation of a coaxial aspiraiion and 

infiiBion system, however, ta tiie reqniiod incision size. Hie dififorence in cross 
10 sectional diameter between the inner Iuumo of liie outw steeve and external diameter 

of the piiacoamitoification «ee«Jte detaminaa file infiisicn flow xato avafl«d>!e to 

fq»Iace fluid aspiiaial ihwi flKs eiy* and 

ciitical to the wfety of the ptocedute as dactibcd above. 

Ttie Qosa sectional area of the inner diameter of an infiiaioii d 
»J '>y*telbiiniiUAi'iir,^ where A, if the orosa sectional a^ 



Similarly the Ctoss sectional area of the outer diametw of fba jfliacoemulaification 

owdlecanbecalouhaedbyfeefiMmulaAa-wi^ 

and li is file radius of die owtCT diamelw of the phaooemuUfflca^ 

to cross sectional area wailaMe to the infiwion of fluid Is tto 
Aland A3. 

The required incision size is half tiw «iieumftrenc9 of the diam^ of the outer 
sleeve, 

Iiicisi(m8izB-'l/2*C 
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C= CiicumfeBBDoe of outer diaraeto- of sleeve 
C=2nrj 

Rj^'mdius affile outer dimeter of an iniiistoii sleeve 

the flow rate of fliild wifhin tubing is can be described by tbe Hagen-Poi^euiUe 
s equattoa - C3=(P)x( nxoVCSxlxv) wbere Q is fbe volume flow rate, P is the pressme 
diiferantial, D is ttie cnws seetioiial dumflter of the pOmi^ 1 is tiiie lengUi of the 
nstiiciiiigdianietiT, vis llm viscosity of llie fluid, ft can be seen fliat fliB inftsiaii 
rslB is proporiSond to flie firarA power of the diameter of faf^^ 
square of the cross seotional area available for infbshni of flvjd. Unia an attempt to 
D »«tawfl»»qiib«diiiciwon8izeof»«>.a^ 

isliinitBdbyflMiediiixdiiiibaoiialcifi^ The ibnov^tddecompans the cross 
aedwad ttvailabie ibr infiuion as weU as the reqiiired indsion size for a nmge of 
phaooemalaificBtioii needles with dianietecs raDgiiig fi«n 0.9 mm to 1^ mm and 
sleeve hmer diatnetets xaugiiig fiom 1 .4 mm to 2.00 mm. 



bmerlKameter 
inliuian sleeve 
Cmm) 


of 


Outer Diameter Of 
Phaco needle 
(mm) 


Diffarence in cross 
sectional ares 
(mm) 


(mnO 


1.8 




1.2 




1,41 




.2.8 




1.8 




1.1 




1.60 




2.S 




1.8 




1 




1.76 




2,8 




1.8 




0.9 




l.»l 




2.8 




1.6 




1.2 




0.8S 




2.5 




1.6 




1.1 




1.06 




2.5 




1.6 1 




1 




1.23 




2j5 
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1.38 




2.5 








1.2 




0.41 




2.2 




1.4 




1.1 




0.59 




2.2 




L4 




1 




0.75 




2.2 




1.4 




0.9 




0.90 




2.2 





If an acceptable infimoa rate is to be mwitaimsd a mStilnn im incMm size of 2.2 nun 
is Bdiievable witft a coaxial aystem by nsdiuang ibe diam^ and increasiiig the 
risUiQr of the OFUter iiifiiBioa alcove 
5 Recently jofiodifications to the caattol of uJtmsonio mcrgy have been intiodtioed 
Typic«Uy» the idtrasoma power U vaded by ittereaains the linear stroke length of the 
jdiacocxnuinScatioa needle by vai3^ An 
alternative to tiie ooDthuiooftGontnol dTultvaaauiid is to deliver energy itipulsea with a 
duniaim of milliseconds or even short mi^aoseoonds bursts of energy. The 
10 ficqoencyandampUtudeoftheburste 

(he omsole or via tke Ibofpedal contioL Tlur duty cycle or on/off times of fliebmats 
can be fixed or varjabk. Ihe mtmupted nature of the iqifpUoation of ulfiaaomid 
allows the needle to cool down during the bfiF cycle and icduce tbebuUd up of heat 
Modulating ultrasound energy in diis ifeshion has allowed suiSMns to use a phaco 
15 needle without a sleeve and split the infiision line fiom the phacoemulsification 
hanc^ieee to ddfiver flic infiision via a separate cannula Hmnigji a 8fipaiat« itkdsion. 
Ihe itiddiOtt aiase xequired fir a sleeveless phacoemulsificalion needle is less than for 
a coaxial system with an outer sleeve. This technique is teferred to as bimanual 
phacocnmlsification aqd can be accGiaqilished wi& two aepanite 1.00 to 2,00 nun 
20 indaionB* Nw MdMs unplanta with a scented thinner optic or miphmts 
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TOWJufcctui^d a«w expansfle eiaitogd inateriab^ 
been liev^eloped and are capitole of bring inaisi^ 

itais taldng advantage «f tfie lednoed tndsioa size adiievable with bimanual 
phacoemidsificatioa. 

Leakage from an indslon seduces stability of flie duunber durins phaco- 
auolsification. With bimanual jduoaemulsificattan it is nioie dtffionlt to piwent 
leab^ atonod die bate iiliaooe«aiilsl£toBt^ needle and in &ct a smaU ammmt of 
tcabase 18 bdpjatl to cool ^ needle. 

Conventional phacoemulsification idies on ffdgation of fluid into the eye in a coaxial 
feshionviaacondqaprovidedbyasiarou^^ Tbc 
wwwwmding sleeve alao aerves to wdnce wound leakage l»ya«ifi»«H» B to th^^y^n 
in tiie solera Or oonteawUdilbmiafhB wall of ifae eye. bimanual 
pihacoemuUificatiQn the fimd ia infiued into the eye via a separate incision using an 
infitsion cannula or maiupntator which is tj^picany in the fium of a hollow metid tube, 
Shnilarly the Dhaooounlalficaiion eoei^y is deUvered via <he phacoemulsificatioa 
needle, in bodilnstanoea it ia desirable to avoid ejuwarivewoinid leakage 
conynomise stabflity of the anterior cihamber. Hiis is accomikllshed by creating a 
veiy ti^t laciaion in the cornea or sclera to <floa6Iy qqaoxfanate to 
or lAacoemnbification needle wiiidi lypically have azound or less oomnumly an oval 
crowseedon. This lesdtatoalMldifatgoffliesnttowMiingsderal or corned 
Ttut distortian of the iwineal or sdered tissue results in poor iqipnudmation of the 
waMs of the incision when the rigid infiision oannuhi orphaooemttlsificatum needleis 
lemovedfiomtheeye. The jxwrsealiiieaay allow fluid fiom the extenkw to gain 
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access to the Interior of the eye and inosease fbs risk of tol^on or endophthahnitis 
faJSomug cataract amgiucy wMch xDajrienilt ia ioss of sii^ 
De^te the use of pulse or butst modulatioa of ultcasonic eneisy and the use of tu^ier 
vacBums to reduce the eneisy reqiuied to emulsij^r tiie nudeos during 
S phacoetnulsificatian, thannal build up and injiny to the sdlaa emd cornea can stOI 
ocear particutoily whetL lanoving hatder CBtan^ 

Energy sources other than idtnuound have been erauidered as an alternative to 
idtinsoundasaine^dtannioviiigBOHtBiaotous Ieoa. Ttiese include mechanical, 
fhennal and laser meQiods ttttt <m also bo applied in striniatiuta 
10 binianual method described ftbove with r sleeveleas phaawnmlsification needle; 
Ahanative energy sources bowsvor have been found to be less efSdent than 
ifltiasooiidinfiiexdiiovtaofc«taiwl9»Mia^ 

Hie present invontioa attempts to ovoeome at least in part aoiao of tike 
afiurementioned disadvanta^. 
15 Duiiiiebimainiatiiiiacoeiiinlsifi^^ 

aspirated ftnld as dcaiweredvfe a seooiuiiixdsin^ Typitallytheflaidjftdeiliveiedviaa 
hoUow lumen caiimila attaclied to the iirigsting tiAi^^ 

containing the inisatmg floia. Hio bottJe is vaised above ^ egw or may have «if 
itt&aed at a positivB peeaBniB ao Oat flie premue !n (he bottle is grester fb» the 
20 anterior.cbaniber. Tito end of the imsBtingoaBmiUm^ bo finmed into a variety of 
shapes to assist witii mati^aiine end fiocturii^g nudear matmal during 
phacoemulsification. The terminal end of the cannul»iiiay be open or dosed with one 
or more aide opemnsi to allow fhjidftafw ill to Ae anterior duwAer of The 
flow rate depends on tJie cross sectional area of the cannuU and the pressure in lha 
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inrfgatioa line; The latter can b« etevated by xtdamg ftut bottle heig^ to inen»MO 
flow nie of fluid but the critical &ctor xvbidn limits tfie infiiaioit is Ust inteomal 
dianufter of the inigatiDg cannula. 

A canmila with a large diameter assists inilisioa but lequirea a latKer inciskin. 
Irrigating cannulas cunendy in use have an intemal diameter of 0.7mm to 1.0 mm. 
brij^ottng manipuIatiDg cannulas am mme cumbenome to luc than noa irrigating 
matdpulatnrs and result in gFeatnr wound leakage. The enwa aectiaiul erea of an 
irrigating cannnlft avaflable &r infiinon is aigoifieanay leas than the oofresponding 
area fiir inflision with a convcaatitMial phacoemulsifiBation needle and sleeve. This 
&ctartogedienwiflk the greater leakage around the wound xesuha in reduced cihan^ 
stfiibility witiolk oan eoiB|»ramise the safely of the prooBdnre. Raisiag die fxessure in 
the irrigatu« lens by aievatiBg the bottle hei^ or iiicteairfii 
the bottle is beii^fiflhtjficseasing the infusion flow rate. This is achieved, however, at 
the expense of gmoter chamber pressures and die volume of ihiid used per procedure 
is also increased. 

SmiMARV OF THE INWWTIOW 
In accordance with a first aspect of the presait invention there is provided a 
phacoemidaificatioa needle cowprisinB a rod element adapted fiw tiansmission of 
ultrasonlo energy to lens material of «it oeuHar substrate to afbnl eimilsification 
fliowft and a hollow tube member hawing an outer Anfiice and an imier sorhoo 
defining a honan adapted for aspiration of the emulsified lens material, wherein the 
rod idenwtit is couoeatrte widi a ceatnd longitudioal axis of the hnnen. 

nMsmsman (mf tor w^n^vtrp^^ 

It 
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The present inventbrt wiU now be described, by way of example^ wi& rafensnce to 
'die accranpanying drawings, in whicli: 

Fig/ias 1 is a peispectivB view of a axwantioiial jdmcoemulaificatioa needle; anA 
Fignse 2 is a pentpeetive view of a solid core phacoemulsification needle in 
5 accotdaztce with a prefbned embodiaieiit of A© preseat iavetHioni aod 

Figmes 3 to 6 at« perspectivB views of fiair BoUd core phHooenwlsificatioii needles in 
oeoofidaiiee wadt fimr attecoative embodfanmfa of die iavemion. 

BETAILEPMESCIHPTIQM OF AN BMBODIMEWT OV T HE INVBNTIOWr 
Refening to tfie FiguMs, wherein like nomerals and symbols tofer to like parts 
10 ammgbout, tftere is stiowi a solid oore ptaaoocmidsiflcatioii needle 10 ineluding a lod 
elament 12 sumiuiidedlqf aiollow tub^ 

coiackkMt w»li the sod etenoit 12. The hollow tube tfienber 14 conprises aa 
ctongaie annular wan 16 having an imier siufe^ 

suirfece 20. Hie hollow tube metober 14 and the rod etement 12 aie adapted to he 
15 aUacbed to a pbacoemutiifieatioa handpieoe^ prafimbly via a Areaded anqduig 
nuMns so flwt Ae luman is oonijficted to the a^pii^ 
console. 

The rod element 12 is doi«atoajKl has a distal end Hand a proxinwl end 13. Ihuse^ 
the sod element 12 of the phaooenndsifioatiott needle 10 ia ananged to Hansmit 
20 «>»«n«»«»teeo«fiytoti»lea»in«taiialofanoc^ 

andeafmWficatiottoftholensniatoriid wlienthedisiia end 11 of ^ 
applied thereto. 

The rod datnem 12 is of ilgid ooustnictian. gmenUy nianufiK«wed fiom tiiaoiiim 
metal. 



12 



.COMS lb No: SBMMXJSl 8372 RBcehrad by IP Australia: "nma (Han) 2«37 P»te (Y.HM) 200«)9-17 



^jJ|^09/04 18:00 LORDaCO 0262837999 I, 

The diameter of the rod element 12 is gwendly imifonD thnm^ut its tengdi and 
xangesfiDm0^toD.8innk Typically Ibeioddtemeitt 12 )ias a dia 
O.Smm. Howewer^dieioddmieaii 12]»aybetaper^ 

pmxinialesui 13 isgreiitcrtha^ II, partiuularly where a 

5 threaded coupling means is located for attachment of the phacocmutsificalioii needl« 
10 to thi^ phacoemulsification hant^ece. 
Wh«» the rod danmt 12 to tapered, a decreaw in the 

may progrBsaivdy occur firan Ihe pioxbnal end 13 to the distal end 11 of the rod 
elcmoit 12. Alternatively, the tranfiiticm to a smaUer diamolw may occ» 
10 mofe step like trsnsitfonaiOongthflle^ 
The diamtier of flio distal md 1 1 of the itHl 
larg^ than the diameter of a mtdawtion of tiie tod efement 12. 
The csnsB section of the md demcait 12 may be ova!, drailar or have a polygonal 
profile. 

15 ThcdistelendU «Jf Ihe lod draent 12 may have a fUrt pioffle or may be concave^ 
convex or bi^miaphcrioal* 

An elongate sorfaoe 15 disposed alonfi ijuj. of the rod dement 12 may be 

smooth, rid^ or grooved. A plmdiiy of rfdgsa op groove* on the elongate smfeoe 
IS may bedisposodinaltacaror Bpinrtp«tt«m along tt^^ 
20 The dongateaur&ee 15 qfihe rod dement 12 may also have protiA 

that centration is maintained wifliin the hoUow tube rat^^ Thepmpose of the 
ridges, grooves^ or pcotzubenmees is to generate turbulence in the lumen of the hoUow 
tube member 14 during aspiration of cnmlsifl Ptotubemnces may 

also act as additional suiftces to radiate ultrasonic eocrgy. This will assist In 

13 
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additioaal etnulaification and fragmematiOfii of asplntted nucleBr materiia as it passes 
down the ]iolk>w tnbe msnabec and prevaots possible N^Tmaw. 
Tlw tod dement 12 be solid or hollow. In altBmative embodiments of tfie 
inventioia in wbicb die rod eiemaat 12 is hollotKr, mich as Oitmn. in Figmes S and 4, 
5 aspiration ofniwlrarmalerial can also be iiudlilatedtfOT 

The hollow tube member 14 sorrounds the rod element 12. The hollow tube member 
14 is adapted to aBpitais flmd (md kits material fl^ 

is applied to the leas material. Ibe aspirated fluid serves to cool and prevent thennal 
build up induced by the uUzasonicvibrationBOffite tod eiemeot 12. biftsioa of fluid 
10 to flie qye is delivered via a sepamte irrigating Cdoaula or manipulatogr fluougb a 
second iacisloD. Ahemattvefyaaaaiirigarii^tiiiaminilBitireircli^^ 
the ittibnon can be dcOiveced via an anterior duunber mjOofaiiner dmnigb a tWrf 

Typicjdly, the boUow tube member 14 is mamiftetured fi«n a metal material, 
15 P«sfiaaMy titanium, or aplastic materid with an outer di^ 

mm to 1-2 mm, the magnitaiJeofriio outer diameter A-A being comparable with the 
diameter of a conventii»al phacoemul9ifie8,tion needle. 

A onss section of ihe hollow tidte member 14 extendms Sum the outer aut&ce 20 of 
the ekmgde amiito wan 16 may be dioUar in ofoss »ec4l^ 
20 ««tiottt»iayjcdocetoaki«B when the pbaoocamls^ 

corneal or sdeial incision. Altemaiivdy distal and pmximai ends 19, 17 of flie 

hoUow tube member' 14 may have a drcular OHMS section whilst a mid eecli^ of 
the hollow tube member 14 has an oival cross section 
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Typically, tfae thickness of the atmutar w«U 16 tmn^ fiom 0.01 mm to 0^ mm, more 
genvmlly 0.05 mm. HwiWeikness of the annular wall 16 may be imifiMm tfaxoui^ 
Owlteasdioflhe lu^wtubememiMr t4oriiieamiularw«U ItfmaybefhiimerinfbB 
mfdMtectiffn 21 of (he hollow tube member 14. A tfainiia: wall in Aie milfcMction 21 
of the liollow tuibe member 14 aoay be advantageous to allow fbo mid-seclioa 21 of 
the h(dlow t»be monbor 14 to better confix 

ihnad]ewDimd,wheraaaal]iidkeramiiilarwa]] 16 m proximal and distal portioiu of 
A© hollow tube memher 14 wouM oflbKl stroctmal ligUfi^ to fho hoUow tube 
member 14. 

Alternatively, die tfaickneaa of Hie annular wall 16 diiposed in the tnjd^sectioa 21 of 
the h^w tiibe member 14 nmy be flun fbr a phmHty of oquiansulariy i^eed 
poitioas of the BOmflar wall 16 with thidcer portions of the annular wall 16 disposed 
interntediate the thinner poitions to inqnove stxuctuni rigidity in the mid<section 21 
Of the hoUow t«ibe member 14. Ttda would aBow the hollow tube member 14 to 
defi»m to Oe shape of the indalon whilst stfll letahiins aaJal rigidity and pnnnating 
wiwimied ik»um. 

Ahemativriy. dw hoW tube member 14 could be manufoctmed fiinnbodi and 
plastic components. Pnndmai and distid portions of dw hollow tube member 14 could 
be mamiihcmred «mn tigid titanium whilst the mid^sediQa of the hollow tube 
member 14 could be oompoaedofaflBxiWe plastic material. Onoo again this mode of 
nanufiuitare would allow ^ hollow tube member 14 to better conform to the 
indsioai, thereby reducing wound ledcage. One or mmo loqgituduul metal struts 
could provide oontinuiiy between the pimdmal and distal metallio portions of the 
hollow td>e mendicr H thereby impeovii^g tigidily a«^ 

15 
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whilst atloMviag the mat9 etestic plastic particm of ttie hoUow tube meaiber 14 to 
confbnn to Ae. coatDuta of die wound and tediuse wound tealc«ge. 
Ail iirndr diameteir of the luiUow tube manber 14 may be ludfonn tfuoughout flie 
leogdj of (be boUow tube member 14 or deoensed In n. tapered or step lilce fhshioh 
5 ftom the proximal end 17 of tiie bollow tube member 14 to the dtaial sml 19 of flie 
hollow tube member 14, 

The imiec surboe 18 of fiie hollow tiAe member 14 is smootti or pmvided with « 
^ursUOroffidgeSiSroovef^orprotnibecwices. theiidges. grooves, or ptotniberanoes 
are disposed ill a linear or spiral pattern donigtbeleiiglh of the 1^ Hie 
w ]>mi»ae of the cidge% grooves, or protrab^ 

lumen itf^ttie holtow tnbe mendKr 14 duriiv aspit^^ 

The outer smftco 16 of (he boUow tubemendMsr 14 can be rubberized to hdp pioduce 
a seal and ledooe wonnd leakage. Similarly ft flexible sleeve may be appUed to the 
outer surface 16 to hdp reduce wound leakage. Although it ia envia^^ that the 
15 idiacxiemulsifiGaticm needle 10 would have tiw^imim ntiiii^ when used wifli a 
8i^pfli«teinddoa£winigetioii»ttiephacoemo]^^ 10 could be used with 

an outer sleeve fiv iirisatlon hi a co^al ioifiation aspiiatim 
"I^ilutal end 19 of die lu>Uow tube membCT 14 is provided wi^ 
6(tee tfiflt i» smoodt or sfaaip. The edoe of the distal cad 19 of the hollow tube 
20 member 14maybe flihuwr,fhidc«i^orfl»«iimethidmeBaa8thcBnnid^ 

fliehoilowtubemeinber 14. The edge is typically bevelled or contoured to a concave 
sur&ce to improve a sealing ^cct when suction is applied to a {nt^neat t^ima 
material. 

16 
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The distal end 1 1 of the rod element 12 nmy project owtwaidly fitmi diatal end 19 
of aw liollow tube member 14. be subatamiaUy lataraUy alisned with the distal end 19 
of flic hollow tube mcanibar 14. or be ^spoacd inwwdly &mn tiie distal end .19 of die 

t 

liollow tnbe member 14. 
3 The rod element 12 and tfie faoUow tube member 14 are tyi»caUy oodstnicted 
sepmtOy to minimize tmnsmiiaiaD of vitamtioa flom the rod element 12 to die 
hollow tube member 14. NevertfaeiesB it is enviaaged that the pfaaooemiilsificatioii 
needle to could be mamifiwtated 8« • single ^eoe eonstmctiott. 
An advantBge of the present invention is Hut it ean be lued with a oonventioaa] 

10 handpiece with modified ooniwctions. ConventioinUy, dw aspintion fine of a 
phacoettrolrific ari on hflad pt ece is in fluid ooaamwitanfon wiflt flw Itimen of a prior ait 
phacoetmHsiScation needle, fa relation to die pbacoemtilsification needle lO of the 
PRscsit invraliont the a^iration line would be ocohidcd by the rod eltsmoat 12 diat 
obstnicts the usual ospiratian conduit in a oonvantional j^haooemulsilioation 

15 h and p iece. Instead tin aagMon line is disposed m fluid communicatioa with Sie 
previous infittion hue of «w phawemiihufica&m hand^ 

■nrand the rod dement 12 and is lateraUy confined by the lumen defined by the hmer 
surfece IS ofthchollow tube member 14. Typkslly the aspitatioa Ihw is coonecled 
by a fimiate connector on fl» tetminal end of the aspiration tuhtog to ft oon^^ 
20 mate coiiocctor on Ihophacoemuwaoaliott handpiece, ft would be necessaiy to 
tiqtf ace the fismate connector Qtt the as«»«rt^ 
can be attjwhed to d» fatoale ojnnector on what iw^ 

conventional phawemulflifiefltionhandpiece. Alternatively an tatermediatecomiector 
c™ 1« used to oonvwt the fimiifle connectioii at the tennitaal Old of ih^ 
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tiibii^g into a male owinector or the fraato <» 
clutimd mt» a AMla tenaiiiatioa. 

As descrtbfid ptevionBly the iRigBting tubing is attabhed io a aepaata cBoiiida or 
ifrigattegchof^ dut is iiuerted into tbe e}« via a sep^ 
5 TTiB same type of wiBlTOctioM deswibiJd atwve wito 

luemlw 14 eaabe used inmanttftcturingan cbbwU or inigotinB dwpper 

wMch p«MdaM Ihe wqulwd iii^ 

biiBannal fdueoemulsificBtioii. Ccmveutional inigotiiig caminlas/clioppeEs we 
manufectated fiom metal to provide mtnuroum inSautm as vfdd as stnicbmd rijsidify 
10 wWoh fa important in manipulating and 



IB. 



A mBfad cmmula however can lesiitt in excessive leak^ of fluid. Providing an 

inigaiion caimuta with a more fleatible mid portion to lednee wound leakage wliiist 

retaining adegnalc ajtial stwngai wrnld be advantaaftoiM md eaw 1» t ^^ »%^«^.fT,^l ^ 

15 manner as described <br the outer tube ferflw i^ 

above. 

Sbm'latly* Hie cross sectional profile of an iidgating oamnila may be circular or oval 
in cross section. An oVal cross section is belpfbl in ledodng wound leakage. 
Altonsttvdy flw distd and ptowmal ends of the cannuta may li^^ 
20 seetimtvliilst the mid seetkm lias an ovdcsoBs section. 

nw present invention provides a novel phacoenmlsificaiiQn needle la that has an 
inbuilt cooling mechanism that does not nqoi» an ininsion sleeve. Hie 
phacoemulsificatjon needle 10 is designed to be used wiiii a s«|»mite incision &r 
i«ifiBion via an infiufon oanndii, infgaii^g diopper or an snterior c3uimi>er 
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maintaiiier. The pbaooemulsificatton needle 10 is therefiwe efifecdve fer bimanual 
phacoenwlsifieatiaa inooediirM as it can be used via a tnteroincison in the taqge of 
0.8 to 2.00 mm witfaout risk iif tiiennail damage to iho sdeia or oameal indsion. 
The phaooemulaificstion needle 10 provides mcjre efficieat ^licatioa of en^gy than 
5 a ranvEBiional needle, iaoimjvedcoolinBwifli less 
sfiplicationof ultraiound wifb a sealed wmai. 

As descniiediiiehanav tube member 14 wW<Bh sunoimda Hie tod dement 12 maybe 
mamiaetnnd finm aplastica oranelastiemateriB! to better oonfiwrn to theincisian in 
tf»e wall of die eye wMdi pitTOdiM a bettor seal with reduced wo^ 

io surgery. Furthamorctbensduoed atretiiihingof fl^ 

better aiijiiogaiuatiOA of the ineiiiaii after complin of the jproeedum. ThehoUcnir 
Mbe member 14 does not provide infbsion aa wiib a conveational coaxial 
phacoanidafication needle but fbima a condidt Ibr die aa^^ 
All altematiw infbsion ddiwry gjwtam i» (rt«o descnTied whi(^ 

13 solid core pbaooeniulsificatkm needle aceoiding to ifae ineseiit iDyeation. 
Ihere Is provided a manipulator having a distal eijd 

auelear material, and a pioximsl end attached to an Inigating haodle^ preferably via a 
threaded coupling means. The distal end may be shaped in seveialdififerent ways to 



20 



as 



The manipulator is of solid eonstroetfon. pteferaUy fiibiicated &om a metal swfa 
titaniwn «odba»asmallcio>s-sectionB!diBmctCTintherHn8oof0.3 to0.5mni^ A 
separate sleeve is attached to the distal end of the ini^iting handle and co-axially 
sunounds (he manipulator. 
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An imgation tine is atta^^ed to the proximal end of fheimndle and fluid is delivered 
into the ^ via tite sleeve in a ooanal fiuhion. The advaat^ of this system 
oomiiared to an itrigatiiig cannula is Out tfw deeve can amfiinn ta die wound and 
prevent exoessive wound leakage. Purdiennofe a ftexible sleeve with an intemal 
5 diameter in the tai^ of 1.1 to 1.4 mm can deUvor as ziuuli fluid into the eye » a 
cQiweationdaHBxialiriiacoemulsificatiranealte The incision size of the 

dceved in^atu^ m a nipnl ntfir however is d^iifieiiiay fcs« flum a coaxial 
lAacoemnlsfficaiiou needle end sleeve. Alfhou^diediametcr of a sleeved inisating 
manipulator used with Uinatnial phaeomublfi 
10 «&le iitigaiing manipulator it is le(u ounOMtsome llian an M 

eqjuivaleot diameter ce^niedlo deliver Ifaesaaiieinfliaioa flow rate. Aa inigati^g 
sleeved manipulator theteCbM has improved iniiuifm and ei^nomics as wdl as 
lediMed wound leak^ compared to aa Inlgating caninila sQrle manqmlator when 
used in Gc»iiimctiou with die solid ooie phaooemidsi&atiQn needle of ibo psesent 
IS invaiti<minl>iiuaoudpbaooemu]sifioationpioc^^ A tetminal etid of the camiula 
may te modifled to finm a piotiualoo wliich ia adapted In use to fiaetuie or 
manipulate fiagtnems of nucleus. 

Modifications and variatioDs Us would be i^paient io a skOled addressee are deemed 
to be wiflmi the scope of thepcesentinventioiL 
20 Por«JEaii«>I<^iiiFiBures3-6thediatalwdlioftbeioddementl2isb^^ 

adigted to facilitate aspitalion of fiagBanted lena matfttiaL Thepraxtmal eaid 13 of 
the rod demttit 12 ia also shown as hollow in Fignres 3 and 4, and it is aimilaily 
adaptedloliicilitateaspiiBtioaofflagBWoted lens material TypicaUy» die distal and 
proodmalcnd8na3ofll»iDdekm«ntl2arebioadertli^ 
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portion 23 offlienid element 12. Theproxiinalend 17 of tbelioUowtub«i»embef9 
14 showninPlgufeB4.6a«alsomiK*b»ad«rtlu»fljegei^ 
tubemember 12. ThejtttHdmalendslS, 17M8»wirflybroiH^ 
be nadily «o^^ed the phacoemulsification hu^^ 
5 InKgiaB3,lJifiisjdelBraOTtl2ishollowanditiBadaptedtoikdUtato^ 

fiagmentBdImaxnaterial along its whole length. Hie distal andproidaial ends 11,13 
of fhetod dbnent 12 oie atoo in fluid oonmnniicatiofl wWiHie hallow iobemember 
14 wUdi to ctosdy spaced fiom the lod dement 12, sodi that ^ lumen defined by 
ifaolwllow tube member 14 also provides an additional condyt fiw aspjrated lens 
ID mflteridtoflie|iR>xxmalendl3ofttiexoddementl2. 

In litis way tftehollow tube meodMr 14 ftnna iNvt of an oi^ 
oombiiiBtfoo witb the distid and praximal ends II, 13 ofdie rigid element 12. 
However, the flow paih of ihe aspirated fiagmented tens materiid is utdmaiely 
directed to ihe proximal end 15 of the rod element 12. 
15 ^Pi««»*.Ae«Ml element 12 iahoUow awl it iaadapiirf to fidlltate 

fiagnentedlena material alo^gitswholelen&fh. lIuidiataiandpnMcimalenda 11, 13 
of the rod elemeat 12 an alao in fluid oonummication with the bollovfr tube member 
14. lnihisway.fiagraentedmaterialmaybeaspiMtedaloiigthewho]eleii^ 
hoUow rod dement 12 or fiaou^ the lumeiidefiiJed by the hoUow tube member 14. 
20 IttFi^5,wliilatlimrod dement 12 ia hollow, it ienotadapt^ 

aapirstion of ftagmeafad lens thafecial along its ^le leagfh beceuae the ptoximal 
end 13 of the tod element 12 is aoUd and efiBwtively blocks a potuntiat cenixal eonduit 
^ the aspirated material. However, thediatal e<ui 11 oftberigid dement 12 3s in 
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fluid commuilicittion with ihtt hollow tulw member 14 and tfaus provides a conduit 
aqorated fiagmented laoai&^erial. 

lnFigwe6.theioddaniiirtl2i8solid. The distal end 11 ofthe rigid clement 12 is in 
fluid <»ninuimcBtii»i with die hollow tube member 14 and thus piovldea a conduit for 
5 aqiirated fiagmented leaos motaiHl. 

The handpiece containB the piesBodectric dement &r eoneratiiig idtraaanic eneigy^ and 
is aitadied to the aspiratioit fine ocnmeoied to the phaooonalaificiitioti console, 
A simUar conslrurtlon can be employed to a cannida to de^ 
atasqiarBteinoision. Here tiw hollow tube m«iid>er 14 anddieiodd«meat 12 
to create 8 aitu^ediaanel£»te£iisian of fluid. Thecannulsm^beattadiedtoorbe 
cominBoua with a handle ^di ta In turn attMied to the itrigBting ^ 

DATEDTHIS 17IH DAY QF SEPimiBER2Q04. 

IS GrabflmHsvidBMTett 

By hia Pstcsnt AttonHSys 
LORD AND COMPANY 
PERTH, WESTERN AUOTRAUA- 
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